Background: Hyperphagia increases eating-associated risks for people with dementia and distress for caregivers. The purpose of this study was to compare the long-term effectiveness of spaced retrieval (SR) training and SR training combined with Montessori activities (SR + M) for improving hyperphagic behaviors of special care unit residents with dementia.
Introduction
The prevalence of hyperphagia in patients with dementia is ∼23%-51% and tends to occur in patients in the middle stage of dementia. 1, 2 The main features of hyperphagia include increased appetite (eg, frequent food searches or requests for food), faster eating speed, and increased amount of food consumed. 1, 3, 4 Hyperphagia is usually complicated with altered eating habits, inadequate eating behaviors, and pica; this may easily lead to risks of upper airway obstruction, nutritional imbalance, or poisoning caused by erroneous eating and also increase the conflicts between caregivers and patients.
in the ventromedial nucleus of the hypothalamus, thereby stimulating the neurological effects of starvation, or increasingly agitated behavior of patients with dementia, thereby requiring constant feeding to supplement calories. 6, 7, 9, 10 However, reports have also suggested that hyperphagia in patients with dementia is caused by memory degradation, which causes the patients to forget what food they have eaten or how to take the food accurately. 11 Non-declarative memory (sometimes termed as implicit memory) has always been the focus of dementia memory training. It is involved with the unconscious recognition of an object (eg, priming) and the correct completion of the steps in a task (eg, procedural memory). Some studies found that individuals in the mild or moderate stages of Alzheimer's disease (AD) show improvement in non-declarative tasks. [12] [13] [14] In this sense, interventions in patients with AD have the potential to maintain function through changed speed or accuracy when completing a task. Two approaches that can be used for training non-declarative memory are spaced retrieval (SR) and Montessori-based activities. 15, 16 SR is a learning approach developed to facilitate recall of a variety of information in individuals with dementia. When learning using SR, the patient repeatedly rehearses and recalls the information to be learnt at set intervals, with the interval between rehearsals constantly increasing. [17] [18] [19] If the patient can still accurately recall information after more than 16 minutes, the information is considered to be successfully stored in their long-term memory system. 20 Creighton et al concluded Camp previous reported that the technique integrates four different methods of learning. 21 First, SR is a form of "ecologically valid priming," whereby previous exposure to a stimulus influences later detection and identification of that stimulus. Second, SR is also believed to use "spacing effect" information that is learned and retrieved more effectively when trials are distributed over time rather than mass practiced. The utilization of both these methods is believed to be particularly beneficial to individuals with dementia, as they capitalize on relatively spared and automatic implicit memory system. Third, SR is regarded as a form of conditioning; strong associations are formed between the target question and response through repetition, and successful recall trials may serve as intrinsic reinforcers. Finally, SR can also be considered a form of errorless learning, as it minimizes the possibility of errors during the acquisition phase of learning by ensuring that mistakes are repeatedly corrected. 22, 23 de Ajuriaguerra and Tissot observed that decline of certain capacities in dementia appeared to reverse Piaget's developmental stages. 24 Cognition and behavior development in children and loss in people with dementia were found to be remarkably similar. The cognitive capability of most elders with dementia has deteriorated to the preoperational stage (which is similar to mild and moderate dementia) or the sensorimotor stage (which is similar to severe dementia) of Piaget's theory of cognitive development. 25 Piaget's theory also provides direction for the selection of appropriate activities to foster the development of cognitive skills at various ages by programmed Montessori-based activities. All Montessori-based activities, which were originally used with children aged 0-6 years, can break down each step of activities of daily living in order to enhance the procedural memory. Moreover, these activities can also provide sensory stimulation and movement coordination training to help the person with dementia to have a successful experience and create more control of behaviors within an orderly environment. 25, 26 Both SR and Montessori activities have been verified to alleviate the cognitive degeneration of patients with dementia, improve problem behaviors, and increase positive emotions and activities of daily living.
23,27-29 Lin et al successfully used SR and Montessori-based activities to improve eating difficulties in patients with dementia, and Wu et al found that applying standardized and individualized SR in combination with Montessori activities training could significantly improve eating difficulties in patients with dementia. 30, 31 The causes of eating difficulties in patients with dementia are similar to those of hyperphagia, including impaired functioning of the satiety center of hypothalamus, which causes patients to forget how to take, chew, and swallow food, as well as worsening the ability to use tableware. However, the memory training processes in these studies involved using food as the teaching material and provided the participants with food they enjoyed as a reward after the end of each training period. During the process of behavior shaping, the provision of food items that patients like reinforces the learning process. Repeated provision of highly reinforcing food (especially food with a high sugar and fat content) can reinforce the social pleasure of the patients receiving training and constantly reinforce their behavior. [32] [33] [34] The aim of this study was to investigate and compare the long-term effectiveness of SR and SR + M on improving hyperphagic behaviors of special care unit residents with dementia. This was to establish whether memory training can still improve abnormal behaviors of patients with dementia without the reinforcement of food and to investigate the difference in improvement of eating-related behaviors between SR alone and SR training combined with Montessori-based activities 
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effectiveness of different memory training programs (SR + M). Further, this study was to understand whether Montessori activities in combination with SR can improve the effectiveness of message memorization.
Methods Participants
The participants were recruited from eight dementia special care units in Taiwan, Republic of China (four longterm care facilities and four veterans' nursing homes). The inclusion criteria were as follows: 1) a diagnosis of dementia by a physician; 2) hyperphagia-related behavior scoring of at least 3 points on the scale used; 3) successfully clearing the SR screening test and the ability to maintain memory for 20 seconds; 4) able to see, listen, and read; and 5) possessing sufficiently fine hand movement and muscle power, scoring 4-5 points on the scale used. The exclusion criteria were as follows: 1) placed with a feeding tube or needing to be fed, 2) a body mass index of ,18.5 kg/m 2 , 3) vascular dementia, or 4) a recent brain injury or acute gastrointestinal infection.
The study was reviewed and approved by Taipei City Hospital Institutional Review Board (TCHIRB No: 991226-E). A researcher personally explained the research and its purpose to institutional agents and family members and obtained their written informed consent (Trial registration: ChiCTR-IOR-15007531).
study design
This study had a longitudinal two-step cluster-randomized single-blind design and was conducted from June 2012 to October 2014. After the institutions identified research subjects who met the inclusion criteria, trained research assistants collected pretest data of all the subjects and classified the severity of their hyperphagia as mild, moderate, or severe. The patients in each hyperphagia category were randomized into three groups, and a homogeneity test was applied to confirm that these groups were homogeneous. The patients were then randomly assigned to the SR group (48 subjects), the SR + M group (52 subjects), and the control group (48 subjects).
After the grouping of subjects was confirmed, two memory trainers who had received training in SR and Montessori activity methods provided the two experimental groups with memory training courses for a total of 30 sessions spread over 6 consecutive weeks (with each session lasting for at least 40 minutes). The control group did not receive any intervention but instead engaged in the routine activities of institutions. Following completion of the interventions, the research assistants collected post-training test data and follow-up data at 1 month, 3 months, and 6 months for the subjects in all the three groups. During the research process, a total of eight subjects left the study (SR group: 2; SR + M group: 3; control group: 3). The main causes were hospitalization (five subjects), returning home for care (two subjects), and death (one subject). A total of 140 subjects completed the entire research process and follow-up data collection, including 46 subjects in the SR group, 49 in the SR + M group, and 45 in the control group (Figure 1 ).
Interventions
Four training objectives were set and 30 sessions designed. The objectives for the subjects were as follows: 1) to memorize where food is placed (only food placed in bowls could be taken: four sessions); 2) to memorize slowing down their dining speed (chewing slowly, swallowing slowly, and eating the food bite by bite: eleven sessions); 3) to memorize a satiation message (stopping eating on hearing a 20-second melody and putting down the bowl: eight sessions) -the 20-second melody functions as a warning message to remind the patients with dementia to stop eating when hearing it; in addition to being applied in classroom training, it was also played 40 minutes after three meals throughout the course of the 6-week intervention to enable all the residents to hear it; however, it was no longer played after the 6 weeks were up -and 4) to memorize appropriate dining etiquette behavior (appropriate behavior while eating and interacting with other people: seven sessions). Each session was held in a room in the dementia special care units. Trainers began by introducing themselves to the subjects for reorientation and then gave the memory training, after which they provided a review of the session. Each session lasted for at least 40 minutes. The memory training process of each group was as follows: 1. The SR group: During each training session, the subject had to learn (and review) a memory message. Once they could successfully recall the message immediately (0 minute), the trainer extended the time before recalling the message to 1 minute; if the subject still could remember the message, the recall interval was extended sequentially to 2 minutes, 4 minutes, 6 minutes, 8 minutes, and 16 minutes. If the subject forgot the message, the trainer retrained them to memorize it and returned to the previous recall interval for the subject to recall the message again and then adjusted the memory training interval backwards or forwards according to the subject's recall performance until the end of the training. At the end of the session, the trainer recorded the subject's longest 
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Kao et al recall interval. The training sessions that continued with the same objective started with the longest recall interval of the previous session; training sessions beginning a new objective started with a recall interval of 0 minute. When the subject failed to immediately recall a message, the trainer provided auxiliary memory clues, such as images or texts, one by one. During the recall interval, the trainers arranged interesting nonstructured activities for the subjects, such as drawing, reading a newspaper, or poker games (the example is given in Table S1 and Figure S1 ). 2. The SR + M group: The same procedure described for SR memory training was followed; however, in this group, the subjects engaged in action and practice-based structured Montessori activities during the recall interval. Each activity started with sensory stimulation followed by practicing an action (eg, gently pressing, scooping, or aligning) using standard procedure and the cognitive training of matching and identification. The same Montessori activity teaching aids were used throughout the process. Trainers could adjust the complexity of activities according to the subject's learning condition (the example is given in Table S1 and Figure S1 ). 3. The control group: The control group engaged in the routine activities of institutions, with no particular memory training activities. with dementia and a ten-item scale of distress of the caregiver to hyperphagic behaviors were categorized from the interviews. Content validity index for five experts in first time was 0.870, because one expert disagreed that pica was included in excessive eating behaviors. After obtaining the expert's agreement about "the definition of excessive eating may be a variant of hyperorality disturbances which include oral exploration and pica," 7 pica was retained. For internal consistency, Cronbach's alpha was 0.918. To determine interrater reliability, intraclass coefficient was 0.793-0.796. 38 To evaluate hyperphagic behaviors, each subject was observed for 7 consecutive days, including observations of at least ten lunch or dinner dining situations. A 19-item "scale of hyperphagia in residents with dementia" was used to facilitate this. 32 The scale covered four categories' behaviors: intention to eat, rapid eating, increased eating, and inappropriate dining etiquette. The observed frequencies for each of these hyperphagic behaviors were scored as follows: the subject did not engage in the hyperphagic behavior, 0 points; one to three occurrences, 1 point; four to six occurrences, 2 points; and more than seven occurrences, 3 points. If the score for a single behavior was 3 points or more or the total score exceeded 3 points, the subject was considered suffering from hyperphagia. The severity of hyperphagia was determined from the total score: 3 points, mild hyperphagia; 4-6 points, moderate hyperphagia; .7 points, severe hyperphagia. The internal consistency (Cronbach's α) and the interrater reliability (intraclass correlation coefficient) of this scale were 0.91 and 0.92, respectively. 38 During the observation period, record forms were also used to collect information on pica, changes in eating habits, and short meal frequency. Pica was scored as "yes" (1 point) or "no" (0 point) according to whether the subjects ate food that was inedible (eg, soap or stone) or inappropriate (eg, raw meat, food waste, or spoiled food). The changes in eating habits assessed using record forms covered eight types of changes (eg, prefer sweet foods more than before and tend to eat food in the same order). The short meal frequency form was used to record the frequency of meals that lasted for ,10 minutes.
All the observation records were collected by six research assistants who had cleared the 24-hour observer training and completed an interrater reliability test. The research assistants were blinded to the randomization of subjects. To avoid the Hawthorne effect during the collection of observation data, this study used 6-8 subjects on the same table as that of the special care unit to perform regional, positional, and whole-day observation, instead of observing the subjects only at meal times in the observation area.
scale of distress of the caregiver to hyperphagic behaviors
Primary caregivers in the institutions were invited to complete a "scale of distress of the caregiver to hyperphagic behaviors." Reactions to each of ten hyperphagic behaviors (eg, "I'm bothered that residents keep asking for food when I didn't provide them with it"; "I'm worried that residents eat what they should not eat") were scored on a Likert scale (0-3) according to the level of distress. Higher scores indicated higher distress due to hyperphagic behavior to the caregiver. The content validity index for five experts was 1. The internal consistency was shown to be 0.706. 38 statistical analysis SPSS for Windows Version 20.0 was used for the statistical analysis, and P-values ,0.05 were considered significant. Generalized estimating equation was used to analyze the changes from the pretraining test data in the post-training test and 1-month, 3-month, and 6-month follow-up data for all three groups of subjects. Differences between the two experimental groups in the performance of memory training were evaluated with independent sample t-tests, the Friedman test, and the Wilcoxon signed-rank test. The mean duration of stay in institutions was 3 years, which was also the mean time since the confirmation of diagnosis of dementia. Most subjects were married. The family members and friends of 54.3% of the subjects visited them at least once every month. The homogeneity test on the three groups showed no significant differences among the groups (Table 1) .
This study used a generalized estimating equation to compare all the 6-month follow-up data of the three groups. The results showed that the scores of the SR group for hyperphagic behavior and pica continued to decrease for 3 months and the improvement in short meal frequency lasted for 1 month after memory training. For the SR + M group, the improvements in hyperphagic behavior and short meal frequency lasted for 6 months after training. The improvement in distress to the primary caregiver of both the SR and SR + M groups only lasted until the post-training test. There was no significant change in eating habits among the three groups ( Table 2) .
Analyses of the effectiveness of improvement in frequency of the four categories behaviors of hyperphagia (intention to eat, rapid eating, increased eating, and inappropriate dining etiquette) show that the behaviors of "rapid eating" and "increased eating" improved in both the SR and SR + M groups. The improvement lasted for a longer period of time in the SR + M group (Table 3) .
In memory performance, after 30 session's activity intervention, the recall scores on the MMSE in posttest was slightly higher than pretest in both experimental groups, while the recall scores on the MMSE in the posttest was lower Table 2 Comparison of the 6-month follow-up data of the three groups using generalized estimating equation (n=140) 
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Kao et al Table 3 Comparison of the 6-month follow-up data of all the frequencies of four categories of hyperphagic behaviors using generalized estimating equation ( than pretest in the control group. However, SR and SR + M training programs can improve recall memory performance of patients with dementia that lasted for at least 1 month after training ( Table 4) . The longest recall intervals in the sessions associated with training objectives 1, 2, and 3 were better than those for the sessions for training objective 4 (to memorize appropriate dining etiquette behavior) in both groups. The best recall performance in both groups was during sessions for training objective 2 (to memorize slowing down the dining speed); the performance of the SR + M group was significantly better than that of the SR group (t=2.052, P=0.044), particularly in the training for "chewing slowly" (t=3.018, P=0.004; Table 5 ).
Discussion
Lee et al examined whether SR training could improve cognitive function in people with very mild to mild dementia, but no change in neuropsychological performance was found. 39 It was believed that factors leading to this result included a low cognitive effort required for SR training, and the small sample size of their study. In the current study, we combined SR with accumulating cues and Montessori-based activities to create an effortful learning condition. We found the same increase in performance on recall memory scores as did Wu et al, 40 who indicates that applying the SR with accumulating techniques were more likely to at least possibly maintain memory status. Although the change in recall memory scores in both experimental groups did not reach statistical significance in the subsequent three follow-ups, there was a trend toward significant improvement. On the other hand, this study found that both the SR and SR + M memory training can improve the hyperphagic behavior of patients with dementia without the need for food incentives. This finding is consistent with that of the study by Lin et al 30 and Wu et al, 31 suggesting that SR and Montessori activities can improve dysphagia of patients with dementia. The longest recall interval of subjects participating in this study was 31 minutes, which is almost the same as that of patients with dementia in studies by Lee et al and Wu et al. 39, 40 Thus, non-declarative memory training can be used for patients with moderate dementia, and it can help improve eating behaviors of patients with dementia. 12, 26, 41, 42 Even though this study revealed positive effects of memory training, every patient with hyperphagia had to receive 40 minutes of memory training, five times per week for a total of 30 times. The caregivers could confirm the suitable time for the daily training of patients with dementia and then referred to the protocols designed in this study to provide one-on-one memory training.
The training results showed that the hyperphagic behaviors that were significantly improved were rapid eating, increased eating, and pica. All these behaviors can affect the dietary safety of patients with dementia and lead to conflicts between them and with others. For example, rapid eating may involve swallowing food without chewing, stuffing the mouth with food without swallowing, and eating quickly when seeing food. Similarly, increased eating includes stealing food from other's plate, eating on seeing food, and eating continually in the presence of food without a sensation of being full, and pica behavior involves eating inedible or inappropriate food. The results of this study suggest that the reason for the improvement of these specific behaviors was that the relevant training was provided in earlier training sessions (on knowing where the food is and slowing down the dining speed). It could be expected that the subjects would have relatively greater cumulative memories of these. Moreover, both rapid eating and pica behavior involved more specific actions and behaviors, and therefore, it was easier for patients with dementia to firmly memorize the associated training. The other two behaviors -intention to eat and dining etiquette -involved greater psychological and interactive 
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effectiveness of different memory training programs learning, particularly with dining etiquette; therefore, it was more difficult for patients with moderate dementia to memorize and learn them. This was supported by the results of the longest recall intervals, which were lowest for the sessions about dining etiquette. Therefore, if the inadequate behaviors of patients with dementia are deconstructed (breaking tasks into small components and starting with easier items), it will be easier for improvement by providing continuous training for specific actions. 43 Montessori activities are structured activities that involve everyday practical tasks and engage the learning-by-doing system, thus it can provide patients with dementia with the continuous practice required by procedural memory. Beyond that, these activities are designed with rich, tangible sensory stimulation to improve patient's motor coordination, sense of reality, and sense of control over surroundings. 16, 44, 45 Therefore, Montessori activities are beneficial for learning in patients with dementia, which was reflected in our study results: the slowing down of dining speed was significantly better in the SR + M group than in the SR group, and the improvements in dining speed and short meal frequency also lasted longer in the SR + M group.
The baseline scores for caregiver distress for the three groups of subjects were not high. The reason for this may be that the Chinese believe that being able to eat is a blessing, and therefore, they usually encourage the elderly to eat food; they would have greater concerns about elderly people eating too little rather than too much. A previous survey showed that one-third of caregivers worry about swallowing problems. 46 However, compared with dysphagia, the Chinese are more tolerant toward hyperphagia, and their perceived distress regarding hyperphagia was lower. 47 Therefore, there was little scope to improve on caregiver distress. Moreover, the subjects were able to eat by themselves. With memory training, once the problem of short meal times was improved, the meal time of a greater number of patients with dementia increased, which would in turn be expected to increase the need for the company of caregivers or the provision of dining assistance. 30 This may be the reason why the distress of caregivers was not continuously improved.
After memory training, there was no significant change in eating habits in the three groups. Changes in eating habits are more common in patients with frontotemporal dementia or severe semantic dementia and may also be associated with hallucinations, change in taste perception, or antipsychotic drugs used to treat severe agitated behaviors. 10, 11, [48] [49] [50] This study mainly enrolled patients with AD who had fewer behavioral and psychiatric symptoms and moderate cognitive impairment. The total baseline score for changes in eating habits was not high. Moreover, it cannot be ignored that dementia special care units usually provide regular meals in a closed environment, and therefore, it is less likely that patients independently acquire or choose food. Therefore, the obtainment of food source and change in eating habits of the subjects may be affected, leading to no significant difference among the three groups.
Limitations
This retrospective study, unlike investigational studies, used behavioral observation to collect and analyze long-term data. However, some limitations are acknowledged in this study. First, the subjects were recruited from eight dementia special care units in Taiwan, Republic of China, and therefore, the research result may only be generalized to Taiwanese residents with dementia who live in dementia special care units. Second, due to the limitations of the institutionalized meal supply culture (a fixed amount of food is provided at a fixed time or the food source is strictly limited), it could be expected that the observed hyperphagic behaviors of residents with dementia were underestimated. However, conversely, these factors also enabled subjects to continue maintaining stable dining during the intervention process. The effect of memory training programs on improving hyperphagic behavior of patients with dementia living in a community should be explored further. Finally, eating problems involve extremely complex factors, including physiological and psychological factors, and aspects of interpersonal interaction. This study focused on behavioral observation and improvement. Future studies should collect other relevant data in multiple ways to confirm the full impact of memory training on hyperphagia of patients with dementia.
Conclusion
Restricting or prohibiting a certain behavior tends to induce frustration or anger in patients with dementia. Therefore, the training in this study did not focus on restricting the food intake of patients with dementia but on improving hyperphagic behaviors instead. The training programs were integrated with real situations to simulate dining procedures. From starting to eat food to slowing down the dining speed, learning to memorize satiation messages, and exhibiting appropriate dining etiquette, daily training enabled residents with dementia to constantly review and gradually adjust their inappropriate behaviors and relearn to accurately and slowly consume the amount of food they were supposed to eat. This study found that SR and SR + M memory training were non-pharmacological interventions that could improve hyperphagic behaviors of patients with dementia and significantly improve rapid eating, increased eating, and pica behavior. When patients with dementia exhibit the hyperphagic problem of rapid eating, SR + M memory training is advised for long-term effectiveness. Caregivers can choose suitable training programs according to the eating problems of their residents.
Clinical Interventions in Aging is an international, peer-reviewed journal focusing on evidence-based reports on the value or lack thereof of treatments intended to prevent or delay the onset of maladaptive correlates of aging in human beings. This journal is indexed on PubMed Central, MedLine, CAS, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress. com/testimonials.php to read real quotes from published authors. (A, B, C, D, e) , the trainers arranged reading a newspaper activity for the subjects spaced retrieval memory training combined with Montessori activities: interval A and B arranged weight discrimination sensory stimulation, interval C and D arranged golf ball scooping activity, and interval e arranged scooping extension exercise activity -upward/downward extension Phase III: conclusion (3 minutes) review of day's activity, after which materials used in the activity were put away. Announce the activity to be done in the next session 
